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– , $\mathrm{K}\mathrm{d}\mathrm{V}$







Born-Oppenheimer – , Whitham
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$u=f(_{\hslash}X+\omega t|A, B, \cdots)$ (1)
. $\kappa,\omega,$ $A,$ $B,$ $\cdots$ ( ) .
$\epsilon>0$ rescale
$X=\epsilon x$ , $T=\epsilon t$ (2)
$\kappa,$ $\omega,$ $A,$ $B,$ $\cdots$
$\kappa=\kappa(X,T)$ , $\omega=\omega(X, T)$ , $A=A(X, T),$ $\cdots$ (3)
. , $(x, t)$ (X, $T$ )
, $(x, d)$ $\sim 0(1)$ (X, $T$ )
$\sim O(\epsilon)$ . $(x,t)$ (fast variable),
(X, $T$ ) (fast variable) .
( $\dot{\mathrm{c}}arrow \mathrm{G}$ )
$\kappa(X, T),\omega(X, \tau),$ $A(X, T),$ $B(X, T),$ $\cdots$ . Whitham









, . , 7
$0$ Gurevich Pitaevski $\mathrm{K}\mathrm{d}\mathrm{V}$ [2].
, , Whitham .




, $\mathrm{K}\mathrm{d}\mathrm{V}$ $u_{xxx}$ $-u_{xx}$
$u_{t}+6uu_{x}-\epsilon^{2}u=0xx$ (5)
. ( 6 ,
) Burgers . Burgers
. ,




Hopf , $t=0$ $u=f(x)$ ,
$t\neq 0$
$u=f(_{X}-6ut)$ (7)





, – . $f(x)=\sin(x)$
, ,
t=t ( ) ( 2).
, $t>t_{\mathit{0}}$
.

























$u=u_{0}(\epsilon^{-}(1\kappa x+\omega d)+\phi|A, B, \cdots)$ (8)
. $u_{0}(\xi|A, B, \cdots)$ , $A,$ $B,$ $\cdots$ (
) . , ,
$\xi=\epsilon^{-1}(\kappa x+\omega t)$ (9)
.
$\mathrm{K}\mathrm{d}\mathrm{V}$ , $u_{0}(\xi)$
$\omega u_{\text{ },\xi}-6\kappa u_{\mathit{0}}u0,\xi+\kappa^{3}u_{0},\xi\xi\xi=0$ (10)
.
$\omega u_{0}-3\kappa u_{0}2+\kappa’u_{0,\epsilon}3.\xi+\frac{A}{2}=0$
( $A$ ). $u_{0,\xi}$ –
$\frac{\omega}{2}u^{2}-0\hslash u\text{ ^{}+\frac{\kappa^{3}}{2}u_{0,\xi}^{2}+}3\frac{\mathit{1}4}{2}u_{0}+\frac{B}{2}=0$
( $B$ ) .






( $r_{3}<r_{2}<r_{1}$ ), 3 1








$=$ $r_{1}+(r_{3}-r1) \mathrm{d}\mathrm{n}^{2}(\frac{\sqrt{r_{1}-r_{3}}}{\sqrt{2}\kappa}\xi)$ (13)
. $\mathrm{K}\mathrm{d}\mathrm{V}$ $\lceil_{\mathrm{C}\mathrm{n}\mathrm{o}\mathrm{i}\mathrm{d}\mathrm{a}1}$ , cn
.
, \tau --- $P$ :
$u\text{ }=C-2^{2}\epsilon\partial 2,1\dot{\mathrm{o}}\mathrm{g}x\theta(\epsilon^{-1}(U_{1^{X}}+U_{2}t)+\emptyset|_{\mathcal{T}})$ , (14)
$\theta$
$\theta_{3}$ ( Jacobi 4 $7^{\overline{-}-p}$ )
. $\tau$ $\omega_{3}/\omega_{1}$ , $U_{1},$ $U_{2}$
$\mu^{2}=(\lambda-r1)(\lambda-r_{2})(\lambda-r_{3})$ (15)
$dp$ , $dq$ , $\kappa,\omega$
:







. Dobrokhotov Maslov [7] WKB
.
WKB :
$u$ $=u_{\text{ }}+\epsilon u_{1}+\epsilon u2+2\ldots$ ,
$u_{0}$ $=$ $u\mathrm{o}(\epsilon^{-1}s(x,t))|A(x,t),$ $B(X,t),$ $\cdots)$ ,
$u_{n}$ $=$ $u_{n}(\epsilon^{-1}S(x, t)|x,t)( n=1,2, \cdots)$ . $\cdot$ .. (17)
.
1. $S(x, t)$ ( WKB ). 1
2. $u_{0}(\xi|A, B, \cdots)$ . $\xi$ $(x, t)$
– . ( $\overline{\tau}-P$ ,
).
3. $u_{1}(\xi, x, t),$ $u_{2}(\xi, x, t),$ $\cdots$ $\xi=\epsilon^{-1}s(x, t)$ $x,$ $i$
, $\xi$ $u_{0}$ .
$u_{1},$ $u_{2},$ $\cdots$ (secular term)
. $u_{0}$ , $A,$ $B,$ $\cdots$ $(x, t)$
. – .













$\mathcal{L}u_{n}=F_{n}$ $(n=1,2, \cdots)$ (19)
. $\mathcal{L}$ (18) $u_{0}$
$L=S_{t}\partial_{\xi}-6S_{x}(u_{u}\partial_{\xi}+u_{0,\xi})+S_{x}^{3}\partial_{\xi}^{3}$ (20)
. $u_{0}$ :
$F_{1}=u0,\iota-6u0u0,x+3S_{x}S_{x}xu0,\xi\xi+3S^{2}u_{0}x,x\xi\epsilon$ , $\cdot$ .. (21)
(18) . , $S$
$S_{x}=\kappa$ , $S_{t}=\omega$ (22)
, $u_{0}$ . $S$ $\kappa=$
$\kappa(x, t)$ $\omega=\omega(X, t)$
$\kappa_{t}=\omega_{x}$ (23)
. $\kappa$ $\omega$ ,
, , $\kappa$ $\omega$
, .
, (19) (





( $u_{1}$ $\xi$ ) $Q$
:
$\oint QF_{1}d\xi=0$ (26)
$\oint$ 1 . $Q$ u
$Q=1,$ $u_{0},$ $u_{0^{-\frac{1}{3}}\xi\xi}^{2}S_{x}^{2}u0,,$ $\cdots$ (27)
. ( , $\mathrm{K}\mathrm{d}\mathrm{V}$ , , $Q$
.)
. ( $\mathrm{K}\mathrm{d}\mathrm{V}$ - .
Dobrokhotov Maslov [7] .) $Q=1,$ $u_{0}$
$Q=1$ : $\partial_{t}\oint u_{0^{d\xi-}}\partial_{x}\oint 3u_{0}^{2}d\xi=0$, (28)
$Q=u0$ : $\partial_{t}\oint\frac{1}{2}u_{\text{ ^{}d\xi-\partial}}^{2}x\oint(2u_{0}^{3}+‘\frac{;}{2}S_{x}2u,\xi$ )$02)d\xi=0$ (29)
. .
, $\mathrm{K}\mathrm{d}\mathrm{V}$ ( ) ,
.
,
$\partial_{t}Q_{n}=\partial_{x}R_{n}$ $(n=1,2, \cdots)$ (30)
.
$\partial_{t}\langle Q_{n}\rangle=\partial x\langle R_{n}\rangle$ (31)





. (15) , .
30
$S_{x},$ $S_{t}$ . $S_{x},$ $S_{t}$ $\kappa,$ $\omega$ (22)
$S_{x},$ $S_{t}$ $\kappa=\kappa(x, t),\omega=\omega(x, t)$ (
),
. (Whitham )
(15) $r_{j}$ , .









, Flaschka, Forest, $\mathrm{M}\mathrm{c}\mathrm{L}\mathrm{a}\mathrm{u}\mathrm{g}\mathrm{h}\mathrm{l}\mathrm{i}\mathrm{n}$ [6] .
4.2 $\mathrm{F}\mathrm{l}\mathrm{a}\mathrm{S}\mathrm{C}\mathrm{h}\mathrm{k}\mathrm{a}-\mathrm{F}_{\mathrm{o}\mathrm{r}\mathrm{e}}\mathrm{S}\mathrm{t}- \mathrm{M}\mathrm{c}\mathrm{L}\mathrm{a}\mathrm{u}\mathrm{g}\mathrm{h}\mathrm{l}\mathrm{i}\mathrm{n}$
Flaschka , ,
( $\mathrm{F}\mathrm{l}\mathrm{a}\mathrm{s}\mathrm{c}\mathrm{h}\mathrm{k}\mathrm{a}- \mathrm{F}_{0}\mathrm{r}\mathrm{e}\mathrm{S}\mathrm{t}_{-}\mathrm{M}_{\mathrm{C}\mathrm{L}\mathrm{a}\mathrm{U}}\mathrm{g}1_{1}1\mathrm{i}\mathrm{n}$ ) .
.
1. $\mathrm{K}\mathrm{d}\mathrm{V}$ , —- $\text{ }$




$dp,$ $dq$ . :
$dp= \frac{P(\lambda)d\lambda}{\mu}$ , $dq= \frac{Q(\lambda)d\lambda}{\mu}$ . (33)
$P(\lambda),$ $Q(\lambda)$ $\lambda$ $g,g+1$ , $g$






$\oint_{\alpha_{j}}dp=\oint_{\alpha_{j}}dq=0$ $(j=1, \cdots,g)$ (34)
, – .
$\kappa_{j}=\oint_{\beta_{j}}dp$ , $\omega_{j}=\oint_{\beta_{j}}dq$ (35)
, $r_{\mathrm{t}},$ $\omega$ ( $U_{1)}U_{2}$ )
. $g$ ($g$ ) $g$ $7^{\overline{-}-\text{ }}$
, $(x, t)$ $g$ $\kappa,$ $\omega$




. , $\partial_{t},$ $\partial_{x}$ $\lambda$ –
. ($dp,$ $dq$ $P(\lambda),$ $Q(\lambda)$ Riemann
, .)
4. , , $r_{j}=r_{j}(x, t)$
$\partial_{t}r_{j}=v_{jxj}\partial r$ $(j=1, \cdots, g)$ . (37)
. $v_{j}$
$v_{j}= \frac{dq}{dp}|_{\lambda=r_{j}}=\frac{Q(r_{j})}{P(r_{j})}$ (38)
, $r_{1},$ $\cdots,$ $r_{g}$ ( ) .






.$\partial_{x}s_{j}=\kappa_{j}$ , $\partial_{t}s_{j}=\omega_{j}$ (40)
$S_{j}=S_{j}(X, t)$ . WKB
. $g=1$ WKB ( )




, $\mathrm{K}\mathrm{d}\mathrm{V}$ [8] Painlev\’e







$\kappa,\omega,$ $A,$ $B,$ $\cdots$ ,-








$\bullet$ 2 ( )
33
$\bullet$
$\bullet$ 4 $N=2$ (Seiberg-Witten )
. ( 2 Dubrovin $L^{-}$





, Whitham $\mathrm{K}\mathrm{d}\mathrm{V}$ , Whitham
, , , .
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